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threshold for deﬁning presence of SBA in a subregion (score 2), as well
as categorized as absent (score = 0), score = 1, and score 2.
Results: For these analyses, 459 knees met inclusion criteria (45%
with SBA present in 1 subregion; participants’ mean age was 63,
mean BMI 30.5% and 65% were female). Baseline presence of SBA
was associated with an OR of 7.5 (95%CI 5.6−9.9, p< 0.0001) for
having cartilage loss over 30 months in the same subregion compared
to subregions without any baseline SBA. Compartment-speciﬁc results
were similar: SBA was associated with an OR of 5.4 (95%CI 3.6−8.1,
p< 0.0001) for cartilage loss in the medial compartment (n = 330 knees)
and an OR of 5.5 (95%CI 2.4−12.7, p< 0.0001) for cartilage loss in the
lateral compartment (n = 196 knees). Similar results were obtained with
the higher threshold deﬁnition for baseline presence of SBA in a subregion
[OR of 3.3 (95%CI 1.9−5.7, p< 0.0001)], and when SBA was categorized
into three levels [ORs were 5.4 (95%CI 3.0−9.7, p< 0.0001) and 7.3
(95%CI 5.5−9.8, p< 0.0001) for subregions with an SBA score = 1 and
score 2, respectively, compared to subregions with no SBA at baseline
(p< 0.0001 for linear trend)].
Conclusions: SBA is strongly associated with cartilage loss over time
occurring within the same subregion of a knee. SBA may directly inﬂuence
overlying cartilage loss or it may serve as a marker of an area undergoing
great compressive stress and in which cartilage loss is inevitable. Further
study of SBA may provide additional insight into the relationship of bone
and cartilage loss in OA.
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Purpose: The aim of this study is to develop a MRI grading system for hip
osteoarthritis (OA) based on morphologic changes in cartilage, labrum,
and bone.
Methods: We devised a MRI grading system for early hip OA with
standard deﬁnitions of morphologic changes with corresponding pic-
torial atlas. 50 MR images were obtained from 25 patients with hip
dysplasia and 25 patients with femoroacetabular impingement. Images
were acquired on a Siemens Avanto 1.5T scanner. Truﬁsp imaging with
FoV 140mm, matrix size 384, slice thickness 0.6mm were used for
morphologic grading. Three-dimensional dGEMRIC scan was obtained
using two angle fast T1 mapping sequence. Additionally, standard pelvic
radiographs and WOMAC outcome scores were obtained. The truﬁsp
images were reconstructed in 6 radial projections rotating around the
femoral neck axis. These radial images were scored for bone and soft
tissue lesions at 7 different positions encompassing most of the articular
surface and avoiding the acetabular fossa. A sum score of all lesions
seen in the joint was calculated. The sum score (OA score) ranges from
0 to 197 with higher score indicating more OA. We looked at correlations
between OA score, To¨nnis grade, joint space width (JSW), dGEMRIC
index, and WOMAC pain using Spearman rank correlation.
Results: Mean age of the patients was 29 years. Fig1 shows an example
of hip with no radiograph OA (ﬁg 1a). On MRI, this hip had cartilage
damage and bony changes (ﬁg 1b). The OA score ranged from 20 to
87 with mean value of 43. Signiﬁcant correlation was found between OA
score and To¨nnis grade (rs=0.39, p = 0.006), dGEMRIC index (rs = −0.35,
p = 0.01), and WOMAC pain score (rs = 0.48, p = 0.001) (ﬁg 2). No corre-
lation was found between OA score and JSW.
Conclusions: In this preliminary result, we attempted to score the bony
and soft tissue morphologic changes that occur in early hip OA. We have
found good correlation with clinical outcome measure and dGEMRIC
index suggesting that this measure is potentially a clinically relevant
measure. We are currently attempting to look at the reproducibility of
this grading system as well as the local correlation between morphologic
changes and local dGEMRIC index.
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Purpose: To use a newly developed short 3D-GRE sequence with two ﬂip
angle excitation pulses for dGEMRIC to evaluate the relative glycosamino-
glycan (GAG) content of repair tissue in patients after microfracturing
(MFX) and matrix-associated autologous chondrocyte transplantation
(MACT) of the knee joint.
Methods: In a phantom study, T1-mapping based on a 3D-GRE
sequence with two ﬂip angle excitation pulses was compared to
a standard inversion recovery (IR) sequence at 3.0T for T1 val-
ues in the range of 200 to 1200ms. Twenty patients treated
with microfracture (MFX) or matrix-associated autologous chondro-
cyte transplantation (MACT) (ten in each group) were enrolled.
For comparability, patients from each group were matched by age
(MFX: 37.1±15.4 years; MACT: 37.7±8.9 years) and post-operative inter-
val (MFX: 33.0±5.2 months; MACT: 32.0±13.1 months). The Drelaxation
rate (DR1) for repair tissue and normal hyaline cartilage and the relative
Drelaxation rate (DrR1) were calculated, and mean values were compared
between both groups using an analysis of variance. Figure 1 shows an
exemplary patient after MFX whereas ﬁgure 2 is visualizing a patient after
MACT.
Results: The phantom study demonstrated a good correlation between
dual ﬂip angle excitation pulse 3D GRE and the IR sequence. The mean
DR1 for MFX was 1.07±0.34 versus 0.32±0.20 at the intact control site,
and for MACT, 1.90±0.49 compared to 0.87±0.44, which resulted in a
relative DrR1 of 3.39 for MFX and 2.18 for MACT. The difference between
the cartilage repair groups was statistically signiﬁcant.
Conclusions: The new 3D, dual ﬂip angle excitation pulse, GRE-based
dGEMRIC technique is comparable to a standard T1 IR technique for T1
mapping, but reduces scan time to four minutes. The preliminary in vivo
study demonstrates the feasibility of the technique for the evaluation of
relative GAG content in patients after different cartilage repair surgeries.
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The presented fast T1 mapping technique attract T1 (dGEMRIC) even
more for its clinical use and might in future present a valuable tool in the
therapy follow-up after different treatment options with the goal to prevent
or treat osteoarthritis.
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Purpose: Delayed gadolinium enhanced MRI (dGEMERIC) has shown
to be sensitive to the proteoglycan content of the cartilage and requires
intravenous injection of gadopentate dimeglumine (Gd-DTPA) 90mins
before MR imaging. It is unclear, whether measurement of cartilage
morphology (volume and thickness) is affected by Gd-DTPA. Therefore
morphological and dGEMRIC imaging have been performed separately
(before and after Gd-DTPA injection). As it would be logistically easier to
combine these in one single session, we have compared the sensitivity
to change of cartilage morphometry with and without Gd-DTPA.
Methods: 41 participants completed baseline and 24 months follow-up
MR imaging before and after intravenous Gd-DTPA injection. All partic-
ipants displayed K-L grade 2 or 3 in either the anterior posterior or the
Lyon Schuss radiographs acquired at baseline. 1.0mm coronal FLASHwe
MR images were acquired with 3.0T, before and 120mins after Gd-
DTPA injection. Seven experienced readers segmented the medial tibial
(MT), lateral tibial (LT), medial (weight-bearing) femoral (cMF) and lateral
femoral cartilage (cLF), with blinding to the order of acquisition. Cartilage
volume (VC) and mean cartilage thickness over the entire subchondral
bone area (ThCtAB) were computed using proprietary software. ThCtAB
was determined in 5 subregions of the MT and LT, and in 3 subregions
of the cMF and cLF, respectively. Mean change (MC%), SD of change,
standardized response mean (SRM=MC/SD) of ThCtAB were calculated
in these regions, both for the pre- and post GdDTPA image pairs. The
correlation of baseline pre- and post Gd images was calculated using the
Pearson correlation coefﬁcient.
Results: The correlation between pre- and post-Gd cartilage morphology
varied between 0.87 for cartilage volume of the MT and 0.94 for cartilage
thickness (ThCtAB) of the LT. In the absence of Gd-DPTA, a 1.7%
reduction in ThCtAB was observed over 24 months in MT (SRM −0.35;
p< 0.05), but only 0.1% reduction (SRM=−0.02; p = 0.92) in the presence
of Gd-DTPA. In the cMF the rate of change was −1.6% in ThCtAB
(SRM −0.20; p = 0.22) in the pre-, and −0.6% (SRM −0.09, p = 0.58) in
the post Gd-DTPA scans. The rate of change, however, did not differ
signiﬁcantly between pre- and post-GDTP image pairs of MT and cMF.
In LT, changes were −2.0% (SRM=−0.56; p< 0.01) without and −1.4%
(SRM=−0.32; p< 0.05) with Gd-DTPA. In cLF, however, a signiﬁcant
(p< 0.05) decrease in ThCtAB (−1.8% MC, SRM −0.34) was observed in
the post-, but no signiﬁcant change in the pre-Gd-DTPA scans (0.9% MC,
SRM 0.22, p = 0.16). Results of subregional cartilage analysis are shown
in Table 1.
Conclusions: The high correlation between pre- and post-Gd cartilage
morphology at baseline did not translate into a similar sensitivity to
change. Although the differences in longitudinal change for pre- and
post-Gd morphometry were not signiﬁcant, the pre-Gd-DTPA image pairs
tended to show greater change and higher SRMs than the post-Gd-
DTPA images in the medial femoro-tibial compartment of participants with
medial radiographic OA. These results indicate that sensitivity to change
of cartilage morphometry in OA may be diminished by the presence of Gd-
DTPA. Further testing is required, before morphological measurements
can be made on post-Gd images in longitudinal studies.
Table 1: Longitudinal change in (sub)regional cartilage thickness over 24 months
Pre-Gd-DTPA 2h Post-Gd-DTPA
Mean % SRM p-value Mean % SRM p-value
central MT −2.4 −0.32 0.045* −0.7 −0.08 0.608
external MT −4.5 −0.43 0.009** −1.2 −0.14 0.378
central cMF −2.8 −0.28 0.080 −0.9 −0.09 0.550
central LT −3.2 −0.44 0.008** −1.6 −0.23 0.150
external LT −0.0 −0.01 0.949 −0.3 −0.04 0.803
central cLF 0.9 0.18 0.258 −2.4 −0.34 0.036*
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Purpose: While osteoarthritis (OA) is usually considered a non-
inﬂammatory disease process, there is a growing body of evidence
that synovitis is both common and associated with poorer outcomes in
terms of symptoms and structural progression. Synovitis is deﬁned as
inﬂammation of the synovial membrane and is characterized by thickening
and enhancement after administration of i.v. contrast agents. To date,
synovitis in large epidemiological OA studies is assessed on non-contrast-
enhanced (CE) MRI using a surrogate marker of signal changes in Hoffa’s
fat pad (infrapatellar, intercondylar). However signal changes in Hoffa’s fat
pad are a non-speciﬁc ﬁnding and do not reﬂect whole joint synovitis. For
these reasons, we suggest that assessment of synovitis at multiple sites
on CE MRI is a superior measure of localized as well as diffuse synovitis
of the knee joint. The aim of the study is to introduce a new detailed and
reliable scoring system for the assessment of synovitis that covers the
whole knee joint.
Methods: The MOST study is a NIH-funded longitudinal observational
study of individuals who have or are at high risk for knee OA. Subjects are
an unselected subset of the MOST who volunteered for CE MRI. Synovitis
was assessed at 11 sites of the joint: the medial and lateral parapatellar
recesses, suprapatellar, infrapatellar, intercondylar, medial and lateral
perimeniscal, Baker cyst, adjacent to the PCL, ACL and loose bodies.
Synovial thickness was scored semiquantitatively: grade 0 (<2mm),
grade 1 (2−4mm) and grade 2 (>4mm) at each site. Two experienced
musculoskeletal radiologists performed the readings. To assess whole-
knee synovitis, we summed the scores for the 11 sites and categorized
knees as follows: 0−4=normal synovium or equivocal synovitis, 5−8=mild
synovitis, 9−12=moderate synovitis, 13=severe synovitis. Inter- and
intra-reader reliability for each individual site was calculated using kappa
statistics (50 knees for intra- and 50 for inter-reader reliability). In addition
we assessed the association of the summed synovitis scores with the
maximum value of 5 WOMAC knee pain items (none, mild, moderate)
using an ordinal logistic regression model adjusting for age, gender, BMI
and whole knee radiographic OA.
Results: 403 knees (one knee per subject) were included in the analysis
(mean age 58.8 years±7.0, mean BMI 29.5±4.9, 45.7% women). Intra-
reader reliability for the individual sites ranged from 0.70 and 1.00 for
reader 1 and 0.60 to 1.00 for reader 2. Inter-observer reliability ranged
from 0.67 to 0.92. For the summed synovitis score of 11 sites, weighted-
kappa for intra-reader reliability was 0.99 for reader 1, 0.96 for reader
2 and weighted-kappa for inter-reader reliability was 0.98 (Table 1).
